: b 1 -π-molecular orbitals (with coefficients) obtained from calculations at the HMO level (left column), and at the HF/STO-3G level for the benzyl cation (central column) and the benzyl anion (right column). The HF-MOs were normalized to 1. At the bottom the π-charges and -bond orders are listed which were calculated according to HMO theory for the different set of MOs. The MOs shown on the right in Figures 5 and 6 are drawn a bit exaggerated, compared to the "true" HF MOs, to better illustrate the effects of the mixing.
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In order to keep the evaluations of the J and K integrals in eqns. 4 -7 as simple as possible, we calculated all of these γs at the geometries of the planar and twisted allyl cation (where the twisted CH 2 group is planar). We used the minimal STO-3G basis set, which assures, for example, that γ 11 is the same in the anion, cation and radical. Perhaps surprisingly, but happily, the Hartree-Fock (HF)/STO-3G rotational barriers (calculated at the structures of planar A + and Aand at the HF/STO-3G transition states for rotation, are in reasonable agreement with those from the above W1BD calculations (34.4 and 25.3 for A + and Afrom HF/STO-3G vs. 32.8 and 20.8 kcal/mol from W1BD).
For A • things are a bit more complicated. The unrestricted (U)HF procedure overestimates the stabilizing effect of spin polarization in the planar radical and thus overestimates its barrier to rotation; whereas, the restricted open-shell (RO)HF method underestimates the barrier, largely due to the penchant of this method to localize the unpaired electron on one of the two CH 2 groups. 1 In fact, ROHF calculations with small basis sets find that the optimized geometry of even the planar allyl radical to consist of a • CH 2 group attached to a localized ethene moiety by a C-C single bond. 2 Fortunately, it is possible to sail safely between the Scylla of UHF and the Charybdis of ROHF 1 by performing a small CASSCF calculation, for which configurations are generated by distributing 3 electrons among the 3 π MOs. A (3/3)CASSCF/STO-3G calculation gives a rotational barrier for A • of 13.7 kcal/mol, which is very close to the value of 14.7 kcal/mol computed at the W1BD level.
It is certainly worth noting that an analogous (2/3)CASSCF calculation for A + and (4/3)CASSCF for Awith the STO-3G basis set gives barriers (31.3 and 21.7 kcal/mol, respectively) that are even closer to the W1BD barriers (32.8 and 20.8 kcal/mol, respectively). This agreement shows that these calculated barriers depend very little on the level of sophistication of the methods that are used to compute them and thus instills a degree of confidence in our simple model calculations with the STO-3G basis set.
The STO-3G values for the γs are listed in the top row of Table S-1. These values allow us to compute the Js and Ks in equations 4-7 above. These Coulomb and exchange integrals are given in the second row of Table S-1. The differences between the Js and Ks that are needed to compute the changes in the electron repulsion terms on twisting, using eqns. 1 -3, are provided in the third row, while the differences in electron repulsion between the planar and the twisted forms are listed in the bottom row of Table S-1. a difference in electron repulsion between the planar and the twisted form, see eq. 1-3
Due to the approximations that we made, the values of the numbers in the last row of Table S-1 are not even close to being quantitatively correct; but this simple model has the virtue of revealing why the allyl cation is calculated to have a higher barrier to rotation than the anion and why the anion has a higher barrier than the radical. The Coulombic repulsion ( J 11 ) between the pair of electrons in the bonding MO is higher in the more localized ethylenic bonding π MO in the twisted geometry; and this tends to favor the planar geometry for A + , A • , and A -. In A • the Coulombic repulsion between this pair of electrons and the electron in
the NBMO (2J 12 -K 12) is far smaller in the twisted geometry, where the unpaired electron is localized on the twisted CH 2 group. This localization favors the twisted geometry not only in A • but also in A -. However, in Aboth nonbonding electrons become localized in the AO on the twisted carbon; and their mutual Coulombic repulsion destabilizes the twisted geometry.
In order to examine the consequences of the approximations we made in our PPP-type calculations, there are mainly two types of possible errors to assess critically: (a) the differences in geometries between the cation, the radical, and the anion, and (b) the fact that the bonding and nonbonding MOs for the three species are not the same.
Concerning the geometries, the effect of the relaxation from the cation geometry on the rotational barrier is relatively small in the radical (2.2 kcal/mol at the planar, 4.8 kcal/mol at the twisted geometry), but much more pronounced in the anion (7.8 kcal/mol at the planar, 31.7 kcal/mol at the twisted geometry). At the planar geometry the stabilization is mainly due to the opening of the angle which decreases the 1,3-antibonding interaction in the NBMO; whereas, at the twisted geometry, the strong pyramidalization of the rotated CH 2 group is primarily responsible for the even stronger stabilization.
While the effect of the changing angle could easily be accommodated in our above simple model (but would not change much), the consequences of pyramidalization on the PPP-type electron repulsion integrals is more difficult to model, because, instead of simple p-AOs, sp hybrids are involved, which cannot readily be dealt with in the PPP-approximation. However, we can assume that this pyramidalization decreases the repulsion between the pair of nonbonding and the pair of π-bonding electrons at the twisted geometry, because the main lobe points away from the π-bond, i.e. Δ elrep (A -) should be more negative than indicated in Table 2 .
Obviously, allowing the AOs to shrink or expand as a function of the charge of the system will affect the electron repulsion integrals quite profoundly. However, the fact that the rotational barriers are quite insensitive to the basis set 16 indicates that the planar and the twisted structure are similarly affected by this orbital relaxation, so the Δ elrep should not change greatly as a consequence of it.
To account properly for all the above factors, we have computed the Js and Ks directly in the basis of the SCF MOs, and we augmented the basis set to 6-311++G**, to allow for optimal orbital relaxation as the charge of the allyl system changes. By this approach the hyperconjugation in the twisted structures, which is quite pronounced (as can be seen from the SCF MOs shown in Figure S -1 of the Supporting Information), is also taken into account. Table S -2 shows the values we obtained for these integrals calculated at the SCF level.
`Of course the Δ elrep values change from those computed at the frozen geometries of the planar and twisted allyl cation with the STO-3G basis set. However, the order of these Δ elrep values is still the same. Electron repulsion increases the barrier to CH 2 group rotation in the S9 cation, increases the barrier in the anion, but by less than in the cation, and decreases the barrier for the radical. Even with the correct geometries and a big basis set, the values of Δ elrep in Table S -2 focus on a small fraction of the total electron repulsion energies. In addition, there are other terms that contribute to the total energies (expectation values from the core hamiltonian, nuclear repulsion), which also change on twisting. Therefore, it is not to be expected that the Δ elrep values in Table S -2 should reproduce exactly the differences in rotational barriers for the allyl cation, radical, and anion in Table 1 of the text. Nevertheless, the energies in Table  S -2 allow us to explain qualitatively the origin of the differences between the rotational barriers in the allyl cation, radical, and anion in Table 1 .
Total energies, thermal corrections, and cartesian coordinates of all stationary points located in this study.
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